Introduction
A large series of T cell clones (TCC) specific for purified protein derivative (PPD) of Mycobacterium tuberculosis (total 60) or Toxocara canis excretory/secretory (TES) antigen (total 69) were established from the peripheral blood of two healthy individuals and analyzed for their profile of cytokine production in response to stimulation with either the specific antigen or the polyclonal activator phorbol myristate acetate plus anti-CD3 antibody. Under both these experimental conditions, the great majority of PPD-specific TCC secreted IL-2 and IFN--y but not, or limited amounts of, IL-4 and IL-5. In contrast, most TES-specific TCC secreted IL4 and IL-5 but not, or limited amounts of, IL-2 and IFN-y. PPD-specific TCC that failed to secrete IL-4 and IL-5, and TES-specific TCC that failed to secrete IL-2 and IFN-y, were found to lack transcripts for and IL-5, or for IL-2 and IFN-y, respectively. During the course of the study, over a 6-mo period, the functional phenotype of both TES-and PPD-specific TCC was repeatedly assessed and remained constant. These data demonstrate that T cells with stable Thl or Th2 functional pattern exist not only in mice but also in humans and suggest that in the course of natural immunization certain infectious agents preferentially expand T cell subsets with stable and definite profile of cytokine production. (J. Clin Mouse CD4' helper T cells have been distinguished by their cytokine production profiles into two distinct and mutually exclusive subsets. Type 1 T helper (Thl)' cells produce IL-2, IFN-'y, and TNF-fl, whereas type 2 T helper (Th2) cells secrete IL-4, IL-5, IL-6, and IL-10 (1, 2). In addition to T cell clones (TCC) that fit in the Th 1 or Th2 group, murine CD4' TCC have been described that have the capacity to produce virtually every known lymphokine (3). These clones, designated ThO, probably represent an intermediate step in the differentiation of naive T cells into Th 1 or Th2 cells following the antigen/antigen-presenting cell (APC) signals that they receive (3-5).
The majority ofhuman CD4' TCC derived from the peripheral blood (PB) of healthy donors do not fit into the Thl and Th2 lymphokine production patterns of murine CD4' T cells, but resemble more the "ThO-like" pattern described for TCC obtained from nonimmunized mice (6, 7) . However, subsets of human CD4' T cell clones resembling Th I or Th2 mouse TCC have been isolated from tissues of patients in different disease situations (8-1 1), suggesting that selection ofCD4' T cells with stable Th 1 or Th2 cytokine production phenotypes may be a property related to the structure ofantigen and/or to the conditions of immunization.
In an attempt to provide additional information on the mechanisms responsible for the differentiation of human T cells into defined Th phenotypes, our strategy has been to establish TCC specific for purified protein derivative (PPD) from Mycobacterium tuberculosis (Mt) or Toxocara canis (Tc) excretory-secretory (TES) antigens by using PBL from the same healthy individuals. Exposure to Mt is indeed frequent in the Italian population, even if in the majority of cases it results in natural immunization without overt disease. Likewise, human toxocariasis is quite rare, but positive levels ofanti-Tc antibodies have been found in 2-3% of the adult population and 7-14% ofschool age children (12) (14) . Human IFN-'y, IL-2, ILA, and IL-5 oligonucleotide probes were purchased from Amgen Biologicals.
Generation ofantigen-specific Tcell lines (TCL) and TCC. Antigenspecific TCL were generated according to a technique previously described (15). Briefly, 106 PBMC in 2 ml RPMI 1640 medium supplemented with 2 mM L-glutamine, 20 ,M 2-mercaptoethanol, and 5% human serum (complete medium) were stimulated with TES or PPD (1 gg/ml) in 24-well flat-bottomed plates for 5 d. Human rIL-2 (20 U/ml) was then added and cultures continued for additional 7 d. Viable T blasts were resuspended in complete medium and tested for their antigen specificity before cloning procedure. To assess the antigen specificity of TCL, 4 x 104 T blasts were seeded in microplates and cocultured for 48 h with irradiated (5,000 rad) autologous PBMC (8 X I04) in the presence ofmedium alone, TES (I gg/ml), PPD (1 gg/ml), or PHA (1% vol/vol). After a 16-h pulse with 0.5 uCi 3H-TdR, cultures were harvested and radioactivity measured by liquid scintillation. To generate TES-specific or PPD-specific TCC, T blasts obtained from antigen-specific TCL were seeded under limiting dilution conditions (0.3 cell/well) in round-bottomed microwells containing 105 irradiated allogeneic spleen cells (as feeder cells) and PHA (1% vol/vol) in a final vol of 0.2 ml complete medium supplemented with rIL-2 (20 U/ml) and 10%o FCS (Hyclone Laboratories, Inc., Logan, UT), as reported elsewhere (9, 16) . Growing microcultures were then supplemented, at weekly intervals, with rIL-2 (20 U/ml) and 10' irradiated feeder cells. The phenotype ofT blasts ofTCL and TCC was examined by flow cytometry. The antigen specificity of TCC was assessed by measuring 3H-TdR uptake after 60 h stimulation with the appropriate antigen under MHC-restricted conditions, as reported above. When stimulation index (ratio between the mean counts per minute obtained in cultures stimulated with antigen-presenting cells plus antigen and the mean counts per minute obtained in cultures with antigen-presenting cells alone) was > 20, responses were considered as positive.
Induction of cytokine production by antigen-specific TCC. To induce the cytokine production by stimulation with the appropriate antigen, 106 T blasts from each TCC were cocultured in 1 ml complete medium with 5 x 105 irradiated autologous non-T cells (16) in the presence of either TES or PPD (I gg/ml). After 48 h, culture supernatants (SN) were collected, filtered, and stored in aliquots at -70'C until used. To induce cytokine production by nonspecific activation, TCC were resuspended at 106/ml complete medium and cultured in the presence ofPMA (10 ng/ml) plus anti-CD3 MAb (200 ng/ml). After oligonucleotide probes (sp act 1-2 X 101 cpm/ng), hybridization and autoradiography were performed as described by Sambrook et al. (19) .
Southern-blot analysis of T cell receptor (TCR) gene rearrangements. High mol wt DNA was prepared from eight PPD-and eight TES-specific randomly selected TCC derived from the same donor (CM), according to standard procedures (19) . Digestion of DNAs with EcoRI (Boehringer Mannheim GmbH, Mannheim, Germany) was performed according to the manufacturer's instructions. DNAs were fractionated by gel electrophoresis on 0.8% agarose gel, transferred to Gene Screen Plus filters (New England Nuclear, Boston, MA), and hybridized with DNA probe for TCR,3 (Oncor, Inc., Gaithersburg, MD), radiolabelled with [a32P]dCTP by nick translation (sp act 0.5-1 x I0^). Germ-line configuration was obtained using DNA extracted from a polyclonal T cell line digested with EcoRI (Oncor).
Results
Induction of TES-specific and PPD-specific TCC. PBMC from two healthy individuals were stimulated for 5 d with TES or PPD and growing T blasts expanded with IL-2 for an additional 7 d. The TCL so obtained were then assessed for their ability to proliferate in response to TES or PPD, respectively. Both TESspecific and PPD-specific TCL exhibited strong proliferation in response to the appropriate antigen in the presence of autologous irradiated PBMC. T blasts from TES-and PPD-specific TCL were then cloned in the presence ofirradiated feeder cells, PHA, and IL-2. A total number of 50 and 39 CD4+ TCC were obtained from the two TES-specific TCL, whereas CD4+ TCC obtained from the two PPD-specific TCL were 46 and 22, respectively. 69 out of89 TCC derived from the two TES-specific TCL exhibited strong proliferation (mitogenic index > 20) in response to an appropriate concentration of TES (1 ug/ml) under MHC-restricted conditions. Likewise, under the same MHC-restricted conditions, 60 out of68 TCC derived from the two PPD-specific TCL proliferated in response to PPD (1 ug/ ml). The remaining 28 TCC did not proliferate in response to either TES or PPD (mitogenic index < 2), but showed strong proliferation to PHA (data not shown). Molecular analysis of TCR# configuration, performed in eight PPD-and eight TESspecific randomly selected TCC derived from the same donor, showed individual patterns of TCRf3 gene rearrangements ( Fig.   1 ), suggesting the independent origin of TCC studied.
Cytokine profiles of TES-specific and PPD-specific TCC.
The profiles of cytokine secretion in response to stimulation with the appropriate antigen of TES-and PPD-specific TCC were then analyzed and compared. To this end, T blasts from each TES-or PPD-specific TCC were stimulated for 48 h with optimal antigen concentration in the presence of irradiated autologous non-T cells and culture SN assayed for their cytokine content. As shown in Fig. 2 in response to either PPD or TES in the presence of irradiated autologous non-T cells.
The great majority of both TES-and PPD-specific TCC retained their profile of cytokine secretion even upon maximal stimulation, such as that provided by PMA plus anti-CD3 MAb. Under these experimental conditions 77% of PPD-specific TCC expressed a Thl-and 23% a ThO-like phenotype, whereas 62% of TES-specific TCC expressed a Th2-and 38% a ThO-like phenotype. No Th2-like phenotype among PPD-specific TCC and no Th 1-like phenotype among TES-specific TCC were found. In contrast, under the same experimental conditions, 61% of 28 TCC with unknown specificity expressed a ThO-, 25% a Thl-, and 14% a Th2-like phenotype (Table I ). The definite Th2-and Th 1-like profiles of TES-and PPD-specific TCC was confirmed at RNA level. A number of randomly selected TES-specific TCC that failed to produce IFN-y and a number of PPD-specific TCC that failed to produce IL-4 and IL-5 upon stimulation with PMA plus anti-CD3 MAb were found by slot-blot analysis to lack RNA transcripts for IFN-'y or for and IL-5, respectively (Fig. 3) . During the course of this study, over a period of 6 mo, the phenotypes of 15 Thland of 12 Th2-like clones were repeatedly assessed and remained constant (data not shown). Additional influences may result from steroid hormone control over the anatomic compartmentalization ofT cell lymphokine production (26) and from the regulatory activity of lymphokines themselves (26) (27) (28) (29) 
